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We have constructed several deletion strains by using a double-
homologous recombination approach. Activity measurements were
performed in membranes prepared from deletion and complemen-
tation strains as well as with the enzymes puriﬁed from all strains
with different sco/pcu deletion backgrounds. The deletions of sco and
pcu show no drastic reduction of COX activity compared with wild
type COX. When omitting copper from the media, the absence of sco
and pcu genes has a strong effect on the function of COX. When
exogenous copper amounts are low, activity measurements using
membranes and puriﬁed enzyme show COX activity decreased to
between 15% and 30%, respectively, in sco+pcu deletion strains. In
addition we have also investigated the steady-state levels of COX
subunits in these mutants under a low-copper condition by BN-PAGE
(native gel electrophoresis) of solubilized membranes followed by
SDS-PAGE immunoblot analysis. The steady-state levels of COX
subunits were found severely reduced in mutants of Sco proteins
suggesting decreased stability of the complex during the biogenesis
process.
Taken together our ﬁndings show that none of the Sco/PCu
proteins is important for the function of COX under normal levels
of copper in the media. However mutants with sco deletions
grown in copper-depleted media reveal a drastic effect towards COX
activity.
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The majority of proteins found in mitochondria are encoded in the
nucleus and are synthesized in the cytosol. The efﬁciency of their
import into mitochondria depends on a wide variety of proteins
forming translocases localized in both mitochondrial membrane. One
of these translocases is the TOM complex (translocase of the outer
membrane). The complex is regarded as the gate into mitochondria
for imported proteins as it is responsible for decoding of targeting
signals, translocation of imported proteins across or into the outer
membrane, and their subsequent sorting. Thus, undoubtedly the TOM
complex is fundamental for mitochondrial functioning.
The subunit organization of the TOM complex has been shown to
be characteristic for a given phylogenetic lineage. Beside common
subunits the complex may contain subunit(s) that is(are) not present
in representatives of other phylogenetic lineages. Till now the
complex has been described for representatives of fungi and animals
(termed Opisthokonta in the recent eukaryotic classiﬁcation system
involving six supergroups) as well as for plants (Archaeplastida).
However, for representatives of Amoebozoa, Chromalveolata, Excavata
and Rhizaria (former Protista) the amount of data concerning the
complex is indeed small. Therefore we decided to study the TOM
complex of the slime mold Dictytiostelium discoideum classiﬁed as a
representative of Amoebozoa and applied as an important model for
human cell biology and disease.
By expression of his-tagged form of D. discoideum Tom7 protein
and using afﬁnity and ion-exchange chromatography we isolated a
protein complex of MW about 450 kDa that displays channel activity
characteristic for the TOM complex. The complex was then analyzed
by protein electrophoresis and mass spectrometry that allowed for
the identiﬁcation of Tom40, a channel forming subunit of the TOM
complex. Thus, we proved that the isolated complex is the TOM
complex and therefore it can be used for the identiﬁcation of its other
subunits.
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Mitochondrial proteins are synthezised on cytosolic ribosomes
and imported into the organelle via different proteinaceous machin-
eries. The translocase of the outer membrane (TOM complex) forms
the entry gate for the majority of precursor proteins. Subsequently,
the precursors are sorted into the different subcompartments like
inner membrane, intermembrane space and into the matrix. Outer
membrane proteins with β-barrel structure are ﬁrst transported
across the TOM machinery and then inserted into the outer
membrane via the sorting and assembly machinery (SAM complex).
In contrast, only little is known how outer membrane proteins with
α-helical membrane anchor reach their ﬁnal destination. We show
that different import pathways exist for protein with a-helical
membrane anchor. The biogenesis of multispanning outer membrane
proteins like Ugo1 requires Tom70 and Mim1. Mim1 is also required
for the import of several Tom subunits with a single transmembrane
span. Strikingly, the SAM machinery is a platform for the assembly of
α-helical membrane-spanning Tom subunits with the central b-
barrel forming Tom40. Thus, different routes exist that are used by
the precursor proteins to integrate into the outer membrane of
mitochondria.
References
[1] T. Becker, L.S. Wenz, V. Krüger, W. Lehmann, J.M. Müller, L.
Goroncy, N. Zufall, T. Lithgow, B. Guiard, A. Chacinska, R.
Wagner, C. Meisinger, N. Pfanner, The mitochondrial import
protein Mim1 promotes biogenesis of multi-spanning outer
membrane proteins, J. Cell. Biol. 194 (2011) 387–395.
[2] E. Schleiff, T. Becker, Common ground for protein translocation:
access control for mitochondria and chloroplasts, Nat. Rev. Mol.
Cell Biol. 12 (2011) 48–59.
[3] T. Becker, L.S. Wenz, N. Thornton, D. Stroud, C. Meisinger, N.
Wiedemann, N. Pfanner, Biogenesis of mitochondria: dual role of
Tom7 in modulating assembly of the preprotein translocase of the
outer membrane, J. Mol. Biol. 405 (2011) 113–124.
[4] T. Becker, B. Guiard, N. Thornton, N. Zufall, D.A. Stroud, N.
Wiedemann, N. Pfanner, Assembly of the mitochondrial protein
Abstracts S67
import channel: role of Tom5 in two-stage interaction of Tom40
with the SAM complex, Mol. Biol. Cell 21 (2010) 3106–3113.
[5] N. Thornton, D.A. Stroud, D. Milenkovic, B. Guiard, N. Pfanner, T.
Becker, Two modular forms of the mitochondrial sorting and
assembly machinery are involved in biogenesis of α-helical outer
membrane proteins, J. Mol. Biol. 396 (2010) 540–549.
doi:10.1016/j.bbabio.2012.06.191
7P5
Rosiglitazone protects differentiated SH-SY5Y cells against
damage induced by rotenone through mitochondrial biogenesis
and by anti-oxidative mechanisms
J.C. Corona, M.R. Duchen
Department of Cell and Developmental Biology, University College London,
London, WC1E 6BT, UK
E-mail: ucbtjcc@ucl.ac.uk
While the pathogenic mechanisms of Parkinson's disease (PD)
remain elusive, increasing evidence suggests that neurodegeneration
in PD is associated with impaired mitochondrial ‘quality control’ — an
imbalance between biogenesis and removal by autophagy. PD has
also been associated with impaired mitochondrial complex I activity
and complex I inhibitors like the neurotoxin rotenone cause
pathological and neurochemical changes with a remarkable similarity
to PD [1]. Rosiglitazone is a member of thiazolidinediones (TZDs),
used clinically as insulin-sensitizing drugs. These compounds selec-
tively bind to peroxisome proliferator-activated receptor gamma
(PPARg) a nuclear receptor and ligand-dependent transcription factor
that regulates the expression of several genes involved in lipid
and carbohydrate metabolism, upregulates antioxidant defences and
promotes mitochondrial biogenesis and has anti-inﬂammatory
properties [2]. PPARg agonists provide protection in several in vitro
and in vivo models of neurodegenerative disorders [3,4], but the
mechanism of protection is not clear. We have studied whether
rosiglitazone prevents mitochondrial damage of differentiated
human neuroblastoma SH-SY5Y cells exposed to rotenone and have
explored the interaction of biogenesis, autophagy and oxidative stress
pathways in neuroprotection. Our data show that chronic partial
inhibition of complex I in differentiated SH-SY5Y cells by rotenone
decreases mitochondrial mass and membrane potential, while
increasing autophagy and free radical generation. All these changes
were reversed by co-treatment of the cells with rosiglitazone, which
increased mitochondrial biogenesis and decreased autophagy and
free radical generation. Our data indicate that rosiglitazone is
potentially neuroprotective, acting directly on mitochondrial function
in neurons, and not indirectly by suppressing inﬂammation, and
might provide a valuable therapeutic strategy for the treatment of
progressive neurodegenerative disease such as Parkinson's disease.
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The respiratory chain of mitochondria produces the main amount
of the cellular ATP. To maintain the function of this machinerymost of
its proteins have to be imported into mitochondria after their
synthesis in the cytosol. Although most soluble mitochondrial
proteins contain a mitochondrial targeting signal (MTS), many of
the proteins of the IMS do not contain a MTS but instead are imported
by an oxidative folding mechanism [1,2]. Examples of such proteins
are the so called twin-CX9C proteins that contain four conserved
cysteines. After translocation into the IMS two intramolecular
disulﬁde bonds are formed which contribute to the correct folding
and the retention of the proteins [3]. The machinery that facilitates
oxidation is composed of two main components, the essential
disease-related proteins Mia40 and ALR. Mia40 is an oxidoreductase
that interacts with the reduced and unfolded substrate proteins
and oxidizes them. Mia40 is reduced after this reaction, and it is
subsequently regenerated by ALR [4]. This pathway has so far been
almost exclusively characterized in yeast cells and on isolated
mitochondria. We aim to characterize the pathway and its regulation
in intact mammalian cells. In our experiments we could verify
the importance of Mia40 and ALR for import and assembly of proteins
of the twin-CX9C-family in intact cells. Surprisingly the import
machinery of Mia40 and ALR is quite robust and unaffected by
several mitochondrial stress conditions like the inhibition of respira-
tory chain complexes and limited oxygen availability. However,
contrary to in vitro data, the oxidative protein import depends on
the membrane potential; exhibiting similarities to the MTS-dependent
protein import. Despite the dependence on the proton gradient, both
import pathways exhibit signiﬁcant differences in the kinetics of
import. Import and processing of MTS-containing proteins is a fast
process that occurs co-translationally or in a very fast posttranslational
manner. Conversely, the substrates of Mia40 remain soluble in the
cytosol after synthesis, and are imported in a slow process that is
limited by the rate of Mia40-mediated oxidation.
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